The structures of the entitled compounds, synthesized as mixtures up to four isomers, are determined by the means of 13 C NMR spectroscopy. Our previous assignment [2] of the syn/antiisomers of the monomethyl-substituted 2-(chloromethyl)-l,4-dioxaspiro[4.5]decanes are reversed. Wrong assignments made in literature [3, 4] are corrected.
Introduction
Recently [2] we reported upon the 13 C NMR spectra of rac-4,5,6,7-tetrahydro-3,5-dimethyl-l-benzofuran 4 c, an isomer of menthofuran 4d, and the 13 C NMR spectras of mixtures of monomethyl-substituted 2-chloromethyl-l,4-dioxaspiro [4.5] decanes (1), 2-methylene-l,4-dioxaspiro [4.5] 
decanes (2) and l-(l'-cyclohexene-l'-yloxy)-2-propanes (ß-oxa-y,denones) (3).
In this paper we want to report upon the 13 C NMR data of all monomethyl-substituted isomers of the compounds 1-4 and their non methyl-substituted parent compounds with complete assignment of all structures.
Experimental
The synthesis of the compounds 1-4 is presented elsewhere [2, 5] . All 
Assignment was made by means of ['H]-SFORD
and by applying the known methyl increments for cyclohexane [6] . For obtaining accurate chemical shifts and isomeric ratio the digital resolution was enhanced by a factor four with a Varian Dataproc Program, which was enhanced by us. The value LW1/2/V0 ~ 0.04 ppm was achieved in this way. Isomeric ratio are detected by measuring the intensities of those resonances of comparable atoms in the diastereomers that are best separated.
Results and Discussion
Nearly all compounds presented here are synthesized as a mixture of isomers with very similiar 13 C NMR spectra. For la/le and lb/Id one has even a mixture of four isomers. But as shown by Hiemstra [7] and Meyers [8] for other dioxolanes, one can synthesize a mixture from one enantiomeric pure precursor and a precursor of unknown enantiomeric purity and calculate the enantiomeric purity of this precursor from the measured isomer ratio in the 13 C NMR spectra. It is also possible, if one is able to assign all structures of these isomers and the absolute configuration of the enantiomeric pure precursor is known, to assign the absolute configuration of the other precursor. To assign the structure of the isomers and the resonances in the 13 C NMR spectra, it is necessary to know to which carbon atom of the cyclohexane or cyclohexene ring the methyl group is attached. From synthesis the position of the methyl group relative to the oxygen bearing carbon atom (a, ß or y) is known. By applying the known methyl substitution increments of cyclohexane [6] one can assign the structures and the chemical shifts of the carbon atoms in the parent compound*.
* Reprints request to Dr. Jan Runsink. 0340 -5087/85/0300 -0393/$ 01.00/0 * This means that the assignment given by Meyers [3] for a compound similiar to la is partly wrong. For compound 1 one needs the additional information that, contrary to normal behaviour of steric shifts, a C-2-substituent shifts the C-6 resonance downfield [9] . Thus (3 0 C-6 is larger as <3 0 C-10 which is opposite to the assignment we made originally (A d 0 = 1.85) [2] . For the C-2 substituent being only a methyl group we measured for the C-6 and C-10 resonances d 0 = 37.36 ppm and <3 0 = 35.96 ppm (Ad a = 1.40) respectively. So the chlorine atom has only a minor influence on this steric shift. An analogue downfield shift is observed for the C-3 resonance in la, le and 2a (Ad = 0.5 -1.4), which is also caused by a cisoid methyl group. Only in case that C-6 is a methyl bearing carbon atom (la), one observes an upfield shift for the C-6 resonance, which is reflected in the abnormal a-increment (Table I) . So the syn/anti stereochemical problem of the substituents relative to the dioxolane ringplane of 1 is solved (Table V) .
There remains the assignment of the syn/anti stereochemistry relative to the cyclohexane ringplane of 1 and 2 (isomers I and II in Table I and II) .
Here the differences in chemical shift are much smaller (| Ad | < 0.44). However the isomer ratio I/II is about the same for lc and 2c. So it follows that during the reaction of lc to 2c, a base catalysed elimination, there is no enrichment of one of the isomers.
Applying this principle to the conversion of la, le to 2a and of lb, ld to 2b guides to the conclusion that the syn/anti stereochemistry relative to the cyclohexane ringplane must be the same for lal and lei, lbl and ldl and analogically for the II-isomers. We found an isomer ratio I/II for la/le and 2 a of 1.81 and 1.80 and for lb/Id and 2b of 1.21 and 1.17 respectively.
One can also observe that the CH 3 resonances are virtually the same for each pair of isomers. So the equilibrium between the two possible chair conformations of the cyclohexane ring must be the same for each pair of isomers with the methyl group occupying predominantly the equatorial position and the C-2 substituent in an equatorial-or axial-like position, depending on the syn/anti isomerism relative to the cyclohexane ringplane. Consequently the 2-CH 2 -resonance will reflect this difference in equatorial or axial-like position and since the difference in chemical shift have nearly the same value for 2a, 2b and 2c (Ad = -0.34, -0.31 and -0.27 respectively) all Iisomers of 2 (and therefore also all I-isomers of 1) will have the substituent in the same equatorial-or axial-like position relative to the cyclohexane ringplane. Thus 2al and 2cl have the same but 2al and 2bl an opposite syn/anti stereochemical relationship to the cyclohexane ringplane. Furthermore le has the same basical structure as the compound with R(C-2) = CH 3 and R(C-10) = C 3 H 7 of Meyers which were synthesized both as a mixture of isomers and an enriched mixture with the predominant isomer having "SS" configuration (CH 3 So one can conclude that the C-2 substituent in all I-isomers of 1 and 2 are in an axial and all II-isomers in an equatorial position, with respect to the cyclohexane ring while the methyl group occupies the equatorial position. In Table V the stereochemistry relative to the dioxolane and the cyclohexane ring (syn or anti) is shown.
It follows for the synthesis of 1, by SnCl 4 -catalyzed reaction of methylcyclohexanones with epichlorhydrine [5, 10] , that in case of la/le the thermodynamical less stable syn/syn isomer is preferentially formed (Table I) . This effect is, in accordance to the expectation, smaller in the case of lb/Id, but still to be seen. Consequently the carbonyl oxygen atom attacks first the carbon C-2 of epichlorhydrine, and afterwards the dioxolane ring is formed in a kinetically controlled reaction.
The /3-oxa-y,<5-enones 3 are synthesized out of 2. The assignment of structures and chemical shifts is straightforward, since the position of the methyl group relative to C-l' (a, ß or y) is known because of the reaction sequence. The chemical shifts and the isomeric ratio are given in Table III .
The 13 C NMR chemical shifts of the 4,5,6,7-tetrahydro-dimethyl-l-benzofurans 4d (menthofuran) [4, 11] and 4c (isomenthofuran) [4] are published. An analyses of the 13 C NMR spectras of 4b-e as given in Table IV shows however that the published assignment for 4c is partly wrong.
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